Background: Leptin is known as an adipose-derived peptide hormone that has various physiological effects on energy intake and expenditure, glucose homeostasis, the reproductive and circulatory systems, and weight balance. The first goal of this study was to reveal the difference in the blood leptin depending on obesity. The second goal was to uncover the relationship between leptin and inflammatory markers such as homocysteine and C-reactive protein (CRP). The third goal was to demonstrate the relationship of leptin with a non-diabetic hemodialysis (HD) patient's nutritional status and insulin resistance.
Introduction
The most common cause of death in patients with end-stage renal failure is cardiovascular disease. It appears that the risk of cardiovascular disease in patients with chronic renal disease is 10 -20 times greater than that in the general population [1] . Even though there are ongoing efforts to eliminate cardiovascular risk factors such as by controlling hypertension and hyperlipidemia and by improving dialysis methods, the mortality rate has not decreased. It was previously reported that obesity, which is a cardiovascular risk factor, is related to insulin resistance and chronic inflammation in patients without renal failure, and that obese patients have a higher incidence of cardiovascular disease and a higher death rate [2, 3] .
However, several studies have shown that end-stage renal failure patients with a higher body mass index (BMI) have a lower mortality risk, which is the so-called "obesity paradox" [4] [5] [6] . Leptin is known as an adipose tissue-derived hormone that regulates the appetite and the energy balance of the body and controls body weight [7] . It is believed to be secreted more in patients with a higher BMI. It has been reported that patients with a higher amount of body fat have a higher serum leptin level, although it could differ threefold among patients with the same amount of body fat [8] . There have been studies on the role of serum leptin, and there is a report that showed that an extremely elevated serum leptin level may play a role in reducing glucose-stimulated insulin secretion and glucose intolerance in chronic renal failure [9] . Another study demonstrated that leptin is associated with a patient's nutritional condition, as it seems that serum leptin concentrations decreased in patients with reduced protein intake and a low dry body weight [10] . Moreover, a study revealed that the serum leptin concentration has a beneficial effect on patients with end-stage renal failure, because hemodialysis (HD) patients with an elevated serum leptin level become more sensitive to erythropoietin [11] . However, it has been found that leptin is positively correlated with insulin and TNF-alpha [10, 12] . An increase in the serum leptin concentration is also associated with an elevation in C-reactive protein (CRP). It may indicate that leptin is connected to the inflammatory process. As a result, it is uncertain if the elevation in the plasma leptin level is advantageous or harmful in chronic renal failure patients.
Therefore, this study demonstrates, in non-diabetic patients who are undergoing HD, 1) the difference in the serum leptin concentration depending on the BMI, 2) the relationship between serum leptin and inflammation indicators such as homocysteine and CRP, and 3) the correlation of serum leptin with a patient's nutrition status and insulin resistance.
Methods

Patients and controls
A total of 44 end-stage renal failure patients who had been on HD for more than 6 months and had not been diagnosed with diabetes mellitus were investigated in this cross-sectional research. The institutional review boards approved the study and all patients provided informed consent. Each patient's height and dry body weight were measured after HD to calculate his/ her BMI (kg/m 2 ). The World Health Organization (WHO) classification of BMI for the Asian population was used to cat- The criteria for recruitment were as follows: 1) age > 18 years and 2) at least 6 months of HD therapy. Patients were excluded from this study if they had one of the following conditions: 1) within 3 months, any infection, cardiovascular disease or malignancy; 2) any chronic disease or medication that leads to anorexia, except chronic renal disease; and 3) chronic renal disease secondary to diabetes mellitus.
Blood sampling, measurements and calculations
All the plasma samples of the patients were taken in the morning, after an overnight fast of least 8 h and immediately before the start of their HD. Their blood samples were stored at -70 °C until their analysis. Insulin resistance was assessed using the homeostasis model assessment method of insulin resistance (HOMA-IR) with serum fasting glucose levels and insulin concentrations. It was suggested several times in the previous study that HOMA-IR could be an index of insulin resistance [13, 14] . The HOMA-IR was calculated with the following formula: HOMA-IR = Fasting plasma glucose (mg/ dL) × Fasting immunoreactive insulin (mU/L)/405.1 [15] . The serum leptin levels were checked using radioimmunometric assay. The serum pre-albumin concentrations were estimated using the laser nephelometry method, and the serum insulin levels were assessed using radioimmunometric assay (Insulin RIA-BEAD II; Dinabot Co., Tokyo, Japan). The serum glucose concentration was evaluated using the glucose oxidase method, and the serum albumin was checked with the bromocresol green method. The serum CRP level was measured using the high-sensitivity immunoturbidimetric method (hsCRP; Dade Behering, Marburg, Germany).
Statistical analysis
All the technical data were given as the mean ± standard deviation, and the Mann-Whitney U-test was conducted to compare the differences in the continuous variables and the X 2 test was used to analyze the non-continuous variables. The correlation of the variables was evaluated using the Spearman correlation coefficient. Linear regression analysis was performed to find the independent variables that have an influence on the serum leptin concentrations. All the statistical data were processed with SPSS 17.0, and a P value that was less than 0.05 was considered statistically significant.
Results
Clinical characteristics of the patients
Among the 44 patients in this study, 25 were male and 19 were female, and their mean age was 52.0 ± 16.1 years. The causes of their renal failure were hypertension in 23 patients, chronic glomerulonephritis in 10 patients, polycystic kidney disease in three patients and idiopathic origin in eight patients. The average duration of their HD was 63.7 ± 58.0 months, their mean BMI was 22.8 ± 3.7 kg/m 2 , their Kt/V was 1.4 ± 0.2 and their nPCR was 0.8 ± 0.2 g/kg/day. The HOMA-IR for the insulin resistance was 6.6 ± 5.2, the homocysteine and hsCRP, as the inflammation markers, were 16.4 ± 4.2 μmol/L and 0.3 ± 0.5 mg/dL, respectively, and the serum leptin concentration was 14.2 ± 19.3 ng/dL (Table 1) .
Clinical characteristics, insulin resistance, inflammatory markers and nutrition status based on the BMI
The insulin resistance, nutrition status, inflammatory markers and serum leptin levels of the obese patients group, which was defined as the group of patients who had a BMI of more than 25 kg/m 2 , were analyzed and compared with those of the non-obese group. Of the total of 44 patients, the obese patients group consisted of 15 patients whose mean age was 48.6 ± 14.8 years. The reasons for the CRF were hypertension in eight patients, glomerulonephritis in three patients, polycystic kidney disease in one patient and idiopathic disease in three patients. The average duration of the HD in this group was 49.7 ± 40.6 months, their mean BMI was 26.8 ± 2.7, and their Kt/V was 1.2 ± 0.1. The other results are as follows: nPCR, 0.8 ± 0.2 g/kg/day; albumin, 3.8 ± 0.3 mg/dL; pre-albumin, 29.3 ± 8.0 mg/dL; total cholesterol, 133.9 ± 43.6 mg/dL; triglyceride, 134.6 ± 63.9 mg/dL; HDL-cholesterol, 33.6 ± 8.2 mg/dL; LDL-cholesterol, 69.4 ± 17.1 mg/dL; tCO 2 , 20.4 ± 2.7 mEq/L; hsCRP, 0.2 ± 0.3 mg/dL; HOMA-IR, 7.2 ± 5.1; homocysteine, 16.7 ± 3.4 μmol/L; and leptin, 24.2 ± 26.1 ng/dL. The nonobese group (BMI < 25 mg/m 2 ) included 29 patients whose mean age was 53.7 ± 16.7 years. The reasons for the CRF were hypertension in 15 patients, which was the most common reason, glomerulonephritis in seven patients, polycystic kidney disease in two patients, and idiopathic disease in five patients. The average duration of the HD procedures in this non-obese group was 70.9 ± 64.6 months, BMI was 20.8 ± 2.3, and Kt/V was 1.5 ± 0.1. The other results were as follows: nPCR, 0.8 ± 0.1 g/kg/day; albumin, 3.8 ± 0.4 mg/dL; pre-albumin, 26.0 ± 8.6 mg/dL; total cholesterol, 124.9 ± 33.4 mg/dL; triglyceride, 101.2 ± 66.5 mg/dL; HDL-cholesterol, 37.9 ± 9.3 mg/dL; LDL-cholesterol, 73.0 ± 22.6 mg/dL; tCO 2 , 20.9 ± 2.9 mEq/L; hsCRP, 0.4 ± 0.6 mg/dL; HOMA-IR, 6.3 ± 5.4; homocysteine, 16.3 ± 4.5 μmol/L; and leptin, 9.0 ± 12.2 ng/dL. In this comparative study of the obese and non-obese groups, the serum leptin level and the BMI significantly increased in the obese group (P < 0.05). On the other hand, the Kt/V significantly rose in the non-obese group (P < 0.05) ( Table 2) .
Correlation of leptin with the insulin resistance, inflammation factor and nutritional status
In the investigation of the correlation of leptin with factors related to the nutritional status and inflammation, the bivariate analysis showed that the BMI, nPCR, total cholesterol, total protein, albumin, pre-albumin and HOMA-IR were positively Leptin and Nutrition Status in Non-DM HD World J Nephrol Urol. 2015;4(2):201-206 correlated with the serum leptin levels, and hsCRP and tCO 2 were negatively correlated with the serum leptin concentrations ( Table 2 ). The linear regression analysis showed that the BMI, nPCR, total protein, pre-albumin and HOMA-IR were positively correlated, and tCO 2 was negatively correlated with the serum leptin level (Fig. 1) . However, the multivariable analysis showed no statistically significant variable, except for the BMI (Table 2) .
Discussion
Leptin is a 16-kDa serum protein, which is expressed from the Ob gene. An increased adipose tissue level is known to indicate an elevated level of leptin, and the level of leptin is known to decrease with weight loss [7] . In addition, the serum leptin level in HD patients is higher than that in patients who have a normal kidney function. This result is attributed to the reduced renal excretion of leptin because of the deterioration of the renal excretory function [16, 17] . Moreover, leptin is known to have diverse physiological effects on various organs. It is an important hormone that is related to glucose homeostasis, food ingestion, body weight balance and hematogenous functions, and has an influence on the reproductive and cardiovascular organs. A previous report insisted that hyperleptinemia induced insulin resistance [18] . This study of non-diabetic patients on HD revealed a considerable increase in Kt/V in the non-obese group compared with obese group. Such was deemed to have been because the non-obese patients had a lower body weight, which made their dialysis seem more efficient. The obese patients group also maintained a 1.2 ± 0.1 Kt/V level, as recommended by the US National Kidney Foundation. In addition, the obese patients group had higher levels of serum leptin than the non-obese group, as mentioned in previous studies. Apart from the serum leptin levels, there were no other significantly different parameters between the two groups.
The correlation analysis, or the so-called bivariate analysis, showed that serum leptin was positively correlated with the factors that reflect the nutritional condition of non-diabetic HD patients, such as their total protein, albumin, pre-albumin and nPCR (P < 0.05). This could be explained from two points of view: the first, that the well-nourished patients might have shown an elevated serum leptin level, and the other, that an increase in the serum leptin might have improved the nutritive condition. Moreover, the serum leptin was positively correlated with the total cholesterol, which is one of the lipid profiles. The cholesterol levels in these study groups were not high, and cholesterol levels as well as albumin levels are known to be related to the nutritional status if they are within the normal range. However, in the linear regression analysis, the total protein, pre-albumin and nPCR showed a statistically significant correlation with the leptin levels, but the albumin (P < 0.065) and total cholesterol (P < 0.359) did not.
The tCO 2 levels in HD patients indicate blood acidosis, but patients who digest much protein can be expected to have a lower tCO 2 level. A previous study on HD patients reported a paradoxically inverse association between mildly decreased serum bicarbonate and improved markers of the protein-energy nutritional state [19] [20] [21] [22] . Therefore, patients with a lower tCO 2 can be deemed to have a good nutritional condition. In this study, the mean value of tCO 2 was 20.4 ± 2.7 mEq/L, which was moderately lower. The leptin and tCO 2 showed a negative correlation, and this result supports the possibility that the leptin levels may increase in the well-fed patients.
In the bivariate analysis, which assesses the correlation of leptin with inflammatory markers such as hsCRP and homocysteine, hsCRP and leptin had a negative correlation, but there was no significant relationship between leptin and homocysteine. The linear regression analysis further showed that hsCRP was not significantly related to leptin (P < 0.281).
Insulin resistance is known as an independent predictor of cardiovascular mortality in patients with end-stage renal failure [13, 14] . It appears that leptin has an effect on the insulin sensitivity in the peripheral organs. Non-diabetic patients with an increased serum leptin concentration have been reported to have a higher risk of insulin resistance [23] . In this study, the serum leptin level was compared with the HOMA-IR, which reflects the insulin resistance of the patient according to his/her BMI, but there was no significant difference (data not shown). The bivariate analysis showed a significant positive correlation between the serum leptin concentration and the HOMA-IR. The same result was repeatedly shown in the linear regression analysis. Similar to previous researches, this study supported the hypothesis that an elevation in the serum leptin level is associated with insulin resistance in non-diabetic HD patients. However, it is unclear if leptin itself aggravates the insulin resistance or if hyperleptinemia is merely a reaction to the worsened insulin resistance. This research had several limitations. First, it had few subjects. Second, the other inflammatory markers such as TNF-alpha and IL-6 were not evaluated. Third, it was a crosssectional study, so it did not include a follow-up study on the insulin resistance and the inflammatory markers. Fourth, it did not analyze the mortality and morbidity of the patients, so it did not reveal if leptin is related to the prognosis of non-diabetic patients with end-stage renal failure. Therefore, a further study is required to reveal the exact relationship between leptin, inflammation and insulin resistance.
Leptin is positively correlated with a non-diabetic HD patient's nutrition status. Among well-nourished patients who have increased serum leptin levels and an elevated amount of fat components, leptin is considered related to insulin resistance. It may play a role in the risk factor for cardiovascular Leptin and Nutrition Status in Non-DM HD World J Nephrol Urol. 2015;4(2):201-206 morbidity and mortality. Therefore, we may use serum leptin level to guess the insulin resistance of non-diabetic HD patients. Also it could be used as cardiovascular risk factor.
